The present study focussed on the moss species, Climacium americanum Brid., which typically grows in the form of mats or clumps of compactly spaced gametophores. In order to determine the clonal structure of these clumps, the distribution of genetic variation was analysed by an electrophoretic survey. Ten individual gametophores from each of ten clumps were sampled in two locations in the Piedmont of North Carolina. These samples were assayed for allelic variation at six electrophoretically distinguishable loci. For each clump, an explicit probability of a monomorphic versus a polymorphic sample was estimated based on allele frequencies in our overall sample. Although allelic variation was detected within clumps at both localities, our statistical results showed that the level of polymorphism within clumps was less than would be expected if genetic variation were distributed at random within the overall population.
INTRODUCTION
It has been recognized that in many taxa asexual propagation as the predominant means of reproduction does not necessarily lead to genetic monomorphism (Bell, 1982; Silander, 1979; Vrijenhoek, 1984) . Indeed, localized patterns of allozymic variation have been useful tools for identifying the spatial extent of individual clones within plant populations (Silander, 1979 ) and for recognizing different clones in unisexual fish populations (Vrijenhoek et a!., 1978) . In order to understand how genetic variation is maintained in asexual populations, it is first necessary to determine the distribution of such genetic variation and relate that distribution to the overall breeding system.
Most species of mosses are believed to reproduce both sexually by spore formation, and asexually by a variety of methods (Longton, 1976; Wyatt, 1982; Wyatt and Anderson, 1984) . Asexual reproduction in this group can occur by vegetative fragmentation, in which pieces of gametophytic plants are broken off and reestablish elsewhere, by the formation and dispersal of specialized reproductive structures such as axillary gemmae or rhizoidal tubers (Correns, 1899) , or by the growth of localized clones. Moreover, within the approximately 50 per cent of moss species that are hermaphroditic, self-fertilization of bisexual gametophytes results in completely homozygous sporophytes. Dispersal of such genetically identical spores is functionally equivalent to asexual reproduction.
Mosses are believed to be relatively depauperate in genetic variation (Crum, 1973) , a circumstance which may reflect the predominance of asexual propagation as the most successful life history mode. Many bryophyte systematists believe that mosses evolve relatively slowly (Anderson, 1963; Khanna, 1964) , a view based largely on biogeographic observations. The geographic distributions of most species are relatively broad, and intercontinental range disjunctions without morphological differentiation are common. While some bryologists have assumed that almost all moss reproduction is by means other than sexual spores (e.g., Anderson, 1963) , extremely little information is available about how mosses actually do reproduce under natural conditions. Bryophytes in general, and mosses in particular, have been increasingly recognized as useful organisms for studying a variety of concepts in population biology (During and van Tooren, 1987; Wyatt, 1982 The present study was focussed on the moss species, Climacium americanum Brid., commonly known as the "tree moss" because of its dendroid growth form. Sexual reproduction, as evidenced by sporophyte formation, is extremely rare in C.
americanum (Shaw et a!., 1987) . The species occupies a broad geographic range in the eastern United States, from Nova Scotia and Wisconsin south to Florida and Kansas (Crum and Anderson, 1981) . The typical growth habit for this species is the formation of discreet mats or clumps along stream margins and on flood plains. These clumps are generally small (Ca. <60 cm2), but are occasionally more extensive. In order to determine the genetic structure of these clumps in C. americanum, the distribution of genetic variation was analysed by an electrophoretic survey of two natural populations. features of these sites were similar to those described for nearby populations of C. americanum characterized in Shaw et al. (1987) . In each site, ten individual gametophores were sampled from each of ten distinct clumps. Clumps ranged in size from 13 cm to 100 cm in diameter, and gametophores were sampled evenly over a 13 cm diameter portion of each clump. These gametophores were placed in plastic vials and stored at -70°C for several weeks until they were subjected to electrophoretic analysis. Enzyme extraction was performed by grinding each sample in liquid nitrogen and then suspending them in an extraction buffer of 0.1 M tris-HCI (pH 7.2) buffer with 0.5 per cent mercaptoethanol.
Extracts were absorbed onto filter paper wicks which were loaded directly into 12 per cent horizontal starch gels. Following electrophoresis, enzyme assays were conducted for six systems that had been found in our previous investigation to be polymorphic: alcohol dehydrogenase (ADH), acid phosphatase (ACP), fluorescent esterase (EST5), peroxidase (PER), phosphoglucomutase (PGM), and superoxide dismutase (SOD). The electrophoretic and staining protocols for C. americanum are outlined in detail in Shaw eta!. (1987) .
For each clump, an explicit probability of observing a monomorphic versus a polymorphic sample was estimated based on allele frequencies in our overall sample. For a haploid organism, these probabilities for a given sample size can be calculated by use of a binomial expansion series (table 1; Feller, 1968) . Thus for a sample of n gametophores, and a diallelic locus with allele frequencies Pi and P2, the probability of monomorphism would be P, (monomorphism) = (p'+p°) for the ith locus. A combined probability across multiple loci can be obtained by multiplying Table 1 Probability distribution of a sample of 10 haploid genotypes within clumps based on population allele together all of the P, assuming the loci are unlinked. A combined probability that a clump will be polymorphic for at least one locus can be obtained by subtracting the combined probability of monomorphism from 1. Within each site, explicit probabilities of monomorphism versus polymorphism were calculated for each clump sampled using the cumulative allele frequencies observed for that site. Clumps varied in these probabilities due to small differences in sample size.
RESULTS
Four of the six enzymes assayed showed polymorphism in the Eno River collection, whereas all six were polymorphic in the New Hope Creek collection (table 2) . In both populations, allelic Two series of expected frequencies of monomorphic clumps were determined for each population (table 5). In the first series, allelic variation at all loci, including the morph differences at the PGM locus, were used to estimate expected monomorphism. This analysis showed a significant excess of monomorphic clumps in both populations. In the second series, only the most frequent morph type in each sample was used, and allelic variation at the PGM locus was not included. When Table 3 Genetic status differences due to different morph types were thus them to be so. Most of the electrophoretically eliminated, only the New Hope Creek sample detectable variation in the two populations we showed a significant excess of monomorphism. studied occurred among the discreet clumps, yet some variation did exist within clumps. Electrophoretic surveys of moss populations are still DISCUSSION limited in number, and care is often taken to avoid sampling within clumps (e.g., Daniels, 1982; and Our results indicate that clumps of Climacium Shaw et al., 1987) . In the only other study of which americanum are not necessarily genetically we are aware that has explicitly examined the homogeneous, although there is a tendency for genetic structure of moss clumps, Cummins and Wyatt (1981) obtained similar results demonstrating intra-clump variability in Atrichum angustatum.
Other studies of electrophoretic variation in moss populations have demonstrated surprisingly high levels of variation comparable in several cases to levels typical of highly outcrossed angiosperms (Wyatt, Stoneburner and Odrzykoski, 1989) . Daniels (1982 Daniels ( , 1985a Climacium is a small genus of three or four dioicous species. Populations of C. dendroides, a circumboreal relative of C. americanum, tend to show a strong female Mas. In fact, most clumps of C. dendroides appear to be unisexual and the frequent absence of male plants directly limits sexual reproduction (Bedford, 1938) . Transplantation of male plants into non-sporophyte producing female clumps resulted in successful sporophyte formation.
Comparable data on sex ratios in relation to sporophyte formation are not available for C. americanum. Our field observations, however, indicate that sexual reproduction is exceedingly rare in this species. We have observed sporophytes in only three populations in the Piedmont of North Carolina, although C. americanum is extremely abundant throughout the region. In our previous electrophoretic study (Shaw et a!., 1987) , one population along a stream feeding into the Eno River was selected for study because there were sporophytes present. This population, however, did not appear to be more variable than any of the other populations included in our studies.
Limited gamete dispersal distances characteristic of mosses (Anderson and Lemmon, 1974; Wyatt, 1977) make cross fertilization between clumps of species such as C. americanum extremely unlikely. Consequently, low levels of genetic variability within clumps clearly limit the possibility of genetic recombination during sexual reproduction in C. americanum and other species with similar clumped growth habits. Using cytological markers, Anderson and Lemmon (1974) found that an extensive population of the moss, Weissia controversa, consisted of numerous genetically discrete clumps, between which gene exchange appeared to be limited or absent under natural conditions. As a means of dispersal and propagation, vegetative fragmentation is obviously effective for C. americanum, as shown by the abundance of nonsporophyte producing populations along streams throughout the Piedmont of North Carolina. The haploid nature of the gametophytes sampled made the determination of genetic uniformity of clumps quite robust. Even with a relatively small sample size within clumps and only six useful marker loci, it was possible to detect statistically significant departures from expected levels of polymorphism within clumps. Thus the statistical approach presented here should prove to be generally useful in studies of genetic variation in moss populations.
